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ORIGINAL ARTICLE
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Simen Hyll Hansena,b,c, Anders Hovlandd,g, Marius Trøseida,c,h, Knut Tore Lappegårdd,g and
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aInstitute of Clinical Medicine, University of Oslo, Oslo, Norway; bDepartment of Transplantation Medicine, Division of Surgery, Inflammatory
diseases and Transplantation, Norwegian PSC Research Center, Oslo University Hospital, Oslo, Norway; cDivision of Surgery, Inflammatory
diseases and Transplantation, Research Institute of Internal Medicine, Oslo University Hospital, Oslo, Norway; dDivision of Internal Medicine,
Nordland Hospital, Bodø, Norway; eFaculty of Health Sciences, University of Tromsø, Tromsø, Norway; fDepartment of Oncology, Oslo
University Hospital, Oslo, Norway; gInstitute of Clinical Medicine, University of Tromsø, Tromsø, Norway; hSection of Clinical Immunology
and Infectious diseases, Division of Cancer Medicine, Surgery and Transplantation, Oslo University Hospital, Oslo, Norway; iDepartment of
Transplantation Medicine, Section of Gastroenterology, Oslo University Hospital, Oslo, Norway

ABSTRACT
Individuals with familial hypercholesterolemia (FH) undergo an aggressive treatment with cholesterol-
lowering drugs to prevent coronary heart disease. Recent evidence suggests an interplay between the
gut microbiota, blood lipid levels and lipid-lowering drugs, but this has yet to be studied in individuals
with FH. The objective of the study was to characterize the gut microbiota of individuals with familial
hypercholesterolemia and examine if effects of omega-3 polyunsaturated fatty acids (PUFAs) on blood
lipids act through modification of the gut microbiome. The gut microbiota composition of individuals
with FH (N¼ 21) and healthy controls (N¼ 144) was analyzed by extracting DNA from stool samples
and sequencing of the V3–V4 region of the 16S rRNA gene. A subgroup (n¼ 15) of the participants
received omega-3 polyunsaturated fatty acids (PUFAs) supplementation or placebo in a crossover man-
ner, and the effect of PUFAs on the gut microbiota was also investigated. Individuals with FH had a
different gut microbiota composition compared to healthy controls, characterized by reduced richness
(p¼ .001) and reduction of several genera belonging to Clostridia and Coriobacteriia. Patients using
ezetimibe in addition to statins appeared to have lower richness compared to those only using statins
(p¼ .01). Intervention with omega-3 PUFAs had negligible impact on the microbiota composition.
Positive effects on blood lipids after intervention with omega-3 PUFA were not associated with base-
line gut microbiota composition or gut microbial changes during treatment. Further, patients with FH
have an altered gut microbiota compared to healthy controls, possibly driven by the use of ezetimibe.
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Introduction

Individuals with familial hypercholesterolemia (FH) have a
high risk of early cardiovascular disease (CVD), premature
mortality and increased morbidity compared to the general
population [1]. The most common cause of FH is a muta-
tion in the gene encoding for the low-density lipoprotein
(LDL)-receptor protein, causing reduced clearance of LDL-c
from the circulation [2]. Lowering of LDL-c is crucial to
prevent premature morbidity and mortality, but FH individ-
uals have a high residual risk of CVD despite effective treat-
ment with statins [3]. Thus, finding efficient means to
reduce this residual risk might improve patient outcome.

Recent studies have reported statistical associations
between the gut microbiota composition and lipid levels in

the blood, as well as clinical outcomes related to CVD [4,5].
Fu et al. correlated gut microbiota composition and levels of
blood lipids in �900 individuals, demonstrating that the gut
microbiome would explain 6% of the variation in triglycer-
ides, but little effect on low-density lipoproteins or total
cholesterol [6]. Furthermore, in a placebo-controlled
randomized study involving 114 subjects with elevated chol-
esterol levels, Jones et al. reported a decrease in total choles-
terol levels by 9% after daily consumption of yogurt
containing the probiotic bacteria Lactobacillus reuteri [7].
However, little is known about the gut microbiota of indi-
viduals with FH and how it may influence the regulation of
lipid levels.

There is also an evolving interest in pharmacomicrobio-
mics, that is, how drugs act on the microbiota and vice
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versa. Some common drugs may even act, at least in part,
by targeting the microbiota [8]. Statin therapy ranks second
among drug classes associated with microbiota composition
in population based studies, and has been associated with
reduced alpha diversity and increased anti-inflammatory
bacteria in cross-sectional studies [4,9]. In a recent random-
ized controlled trial with rosuvastatin, we found a reduction
in inferred microbial genes related to metabolism and trans-
port of pro-atherogenic metabolites in the Trimethylamin-
N-Oxide (TMAO)-pathway, but limited effect on the gut
microbiota composition [10]. Further, interventional trials
have demonstrated enhanced lipid-lowering effect of statins
in individuals with increased gut microbial diversity and
higher abundance of Firmicutes, Lactobacillus and
Bifidobacterium [11,12]. Similarly, regarding omega-3
PUFAs, data from mouse studies suggest that supplementa-
tion leads to gut microbiota alterations [13,14]. In humans,
a recent randomized controlled trial demonstrated a revers-
ible increase in several short-chain fatty acid-producing bac-
teria after eight weeks supplementation with omega-3
PUFAs in 22 healthy volunteers with normal cholesterol lev-
els [15]. These findings warrant further studies on individu-
als with hyperlipidemia.

Therefore, in this study, we aimed to (1) characterize the
gut microbiota of individuals with familial hypercholesterol-
emia, and (2) investigate if supplementation of omega-3
polyunsaturated fatty acids would alter the gut microbial
composition in these individuals.

Patients and methods

Trial design and participants

We investigated a subgroup from a previously published
interventional study. For a complete methodology, we refer
to the original study [16]. In brief, individuals with genetic-
ally verified heterozygote FH aged 18–75 and using statins
>12months were recruited from Nordland Hospital’s lipid
clinic (Bodø, Norway). All individuals had mutations in the
gene for the LDL-receptor. The study was designed as a
double-blind, placebo-controlled crossover study. In random
order, all individuals were treated for 3months with omega-
3 PUFA supplement (2 g b.i.d) and 3months placebo (olive
oil, 2 g b.i.d), separated by a 3-month washout period
(Figure 1). The marine omega-3 PUFA supplement was a
1000mg capsule consisting of 460mg of eicosapentaenoic
acid (EPA) and 380mg docosahexanoic acid (BASF,

Lysaker, Norway). Blood and stool samples were collected at
baseline and after each study period (3, 6 and 9months).
According to the returned medication in the original study,
compliance was around 90% in both treatment groups.

In addition, we designed a case-control analysis, compar-
ing the gut microbiota of individuals with FH and healthy
controls. The baseline sample was included for all individu-
als with FH except for one sample with very low microbial
genetic read count, for which the baseline after the wash-
out was included. To serve as control material, data from
n¼ 144 healthy controls from a previously published study
were included [17]. The controls were recruited from the
Norwegian Bone Marrow Donor Registry and all sample
processing and sequencing steps were identical to the pro-
cess with the FH samples.

Endpoints

The primary outcome was change in the gut microbiota
composition after treatment with omega-3 PUFAs, described
as change in the relative abundance of any taxa from phy-
lum to genus level or change in alpha or beta diversity.
Secondary outcomes were relations between blood lipids
and changes in gut microbiota composition, and exploratory
outcomes were effects of omega-3 PUFAs on the inferred
metagenome and differences of gut microbiota composition
between individuals with familial hypercholesterolemia and
healthy controls.

Ethics

The study was conducted according to the guidelines of
the declaration of Helsinki, and was registered at
ClinicalTrials.gov (identifier NCT01813006, 18/03/2013),
approved by the Regional Ethics Committee of Northern
Norway (REK2011/899) and the Norwegian Medicines
Agency (EUDRACTNR 2012- 000505-68). Informed written
consent was obtained from all individuals included in
the study.

Gut microbiota

Stool samples were collected by the patients at home in
tubes with a preservative liquid (Stool Collection Tubes with
Stool DNA Stabilizer (Stratec Molecular GmbH, Berlin,
Germany), shipped to the central study laboratory and

Figure 1. Flowchart of the study design.
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stored at �80 �C. Microbial DNA was extracted by using
the PSP Spin Stool Plus DNA Kit (Stratec Molecular
GmbH) and libraries were generated from PCR amplicons
of the V3-V4 region of the 16S rRNA gene [18]. Sequencing
was performed at the Norwegian Sequencing Centre (Oslo,
Norway) on Illumina MiSeq using the v3 kit (San Diego,
CA, USA), set at 300 bp paired-end reads. The sequenced
reads were filtered, demultiplexed, trimmed and merged as
previously described [19]. Further processing was performed
using Quantitative Insights Into Microbial Ecology 2
(QIIME2) version 2018.8 [20], where sequences were taxo-
nomically classified using a naïve bayes classifier trained on
a 99% sequence similarity version of the SILVA database
version 132 [21]. Reads were rarefied to an OTU count of
6145 per sample for the case-control analysis and 3678 reads
per sample for the analysis of the intervention, and all anal-
yses were performed on these rarefied datasets. The
PICRUSt2 plugin for QIIME2 2018.8 was used to predict
the gut microbial functional profiles based on the 16S rRNA
sequencing data [22].

Lipid analysis

Fasting blood samples were collected at each visit and ana-
lyzed consequently. Total cholesterol, low-density lipopro-
tein cholesterol, and high-density lipoprotein cholesterol
were analyzed on an ADVIA1800 system (Siemens Medical
Solutions Diagnostics, Japan) using reagents from Siemens
Healthcare Diagnostics Ltd.

Power estimates

The study was designed as a follow-up exploratory pilot
study of the original intervention trial, hence a priori power
analysis was not performed when designing the microbiota
profiling experiment. However, a sensitivity power analysis
was applied to determine the minimal detectable effect
(MDE). We had 80% power to detect a Cohen’s D effect
size of 0.83, corresponding to a� 15% change in microbial
richness [23]. This would correspond to an approximate
power of detecting �20% change in taxa with arc-sin square
root transformed relative abundance �0.2 or �50% change
in taxa with relative abundance �0.01, correction for mul-
tiple comparisons not taken into account.

Statistical analysis

All continuous variables are presented as median and inter-
quartile range (IQR) if otherwise not stated and non-para-
metric statistics were applied. The statistical approach
included: (1) Case-control analysis of baseline FH samples
compared with healthy individuals, using Mann–Whitney U
test on all phylogenetic levels from phylum to genus, cor-
rected with Benjamini–Hochberg false discovery rate (FDR)
within each phylogenetic level. (2) We analyzed the treat-
ment effect in the crossover study by grouping the data into
the four timepoints (before/after intervention with placebo/
omega-3), irrespective of treatment order. Then, Wilcoxon

paired test was applied between the change from corre-
sponding baseline to after intervention with placebo versus
the change after treatment with omega-3. All values, except
taxa being significantly altered in the initial cross-sectional
analysis, were corrected for multiple testing using FDR
within each phylogenetic level.

Statistical analyses were performed in SPSS Statistics
v27.0 (IBM Corporation, Armonk, New York, USA).
Graphical presentations were made using Prism V9.0d soft-
ware (GraphPad, San Diego, California, USA).

Results

Baseline characteristics

Fifteen patients with familial hypercholesterolemia (FH)
were included for analysis after intervention with omega-3
PUFA and placebo. In addition, six patients with FH and
144 healthy controls (HC) were included for case-control
analysis at baseline. One sample after the washout period
were excluded due to sequencing failure (baseline sample
for placebo). Hence, fourteen patients with FH were avail-
able for analysis after intervention, as well as 21 patients
with FH and 144 healthy controls for case-control analysis
at baseline (Table 1, Figure 1).

Lower intraindividual diversity in patients with familial
hypercholesterolemia

Individuals with FH had lower alpha diversity compared to
healthy controls, as measured by a lower richness of the gut
microbiota (p¼ .001, Figure 2(A)), while the combined rich-
ness/evenness measure Shannon index was numerically
reduced (p¼ .10, data not shown). Individuals with FH tak-
ing ezetimibe in addition to statins (n¼ 7) had significantly
lower richness compared to individuals with FH only taking

Table 1. Baseline characteristics.

FH (n¼ 21) HC (n¼ 144) p-Value

Age 46 (38–54) 46 (44–47) .86
Gender (female), n (%) 12 (57%) 93 (65%) .68
BMI (kg/m2) 26.9 (24.5–29.3) 26.4 (25.7–27.0) .47
Smoking, yes 3 (14%) 13 (9%) .50
Established CVD, yes 5 (24%) – –
Triglycerides, mmol/L 0.9 ± 0.5 – –
LDL-c, mmol/L 3.0 ± 0.5 – –
HDL-c, mmol/L 1.39 ± 0.56 – –
Total cholesterol, mmol/L 4.79 ± 0.81 – –
Drugs
PPI, n (%) 0 10 (7%) –
Beta blocker, n (%) 3 (14%) – –
Antidiabetic, n (%) (0) – –
Antihypertensivesa, n (%) 3 (14%) 8 (5%) –
Statin, n (%) 21 (100%) – –
Atorvastatin, n (%) 14 (67%) – –
Simvastatin, n (%) 1 (5%) – –
Rosuvastatin, n (%) 5 (24%) –
Statinþ ezetimibe, n (%) 7 (33%) – –

BMI: body mass index; CVD: cardiovascular disease; PPI: proton-pump inhibi-
tors; LDL-c: low-density lipoprotein cholesterol; HDL-c: high-density lipoprotein
cholesterol. Data are presented as mean ± standard deviation. The p-value was
calculated using standard student T-test. aAngiotensin-converting enzyme
(ACE) inhibitors, angiotensin receptor blockers, calcium channel blockers
and diuretics.
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statins (n¼ 14, p¼ .01, Figure 2(A)). When only analyzing
individuals with FH not taking ezetimibe, we still observed
a significant lower richness compared to healthy controls
(p¼ .04, Figure 2(A)). In patients with FH, the gut micro-
bial richness was positively correlated to serum levels of
HDL-cholesterol (r¼ 0.49, p¼ .04, Figure 2(B)), but not
with LDL-c (r=-0.21, p¼ .38, Supplementary Table 1). The
global microbial composition (beta diversity) of patients
with FH differed from HC (Supplementary Figure 1(A),
Pseudo-F 2.77, p¼ .002). Moreover, individuals with FH
taking statins and ezetimibe clustered differently compared
to patients with FH only taking statins (Supplementary
Figure 1(B), Pseudo-F 3.32, p¼ .003).

Lower actinobacteria in patients with FH compared
to HC

Considering all taxonomic levels, fourteen taxa were differ-
ent between FH and healthy controls at QFDR<0.2, the
majority being less abundant in patients with FH compared
to healthy controls (Figure 3). This includes lower relative
abundance of the phylum Actinobacteria (0.8 vs. 2.1%,
QFDR¼0.03) as well as lower abundance of the family
Veillonellaceae (<0.1 vs. 2.0%, QFDR¼0.09). No differences
were observed in the Firmicutes: Bacteroidetes-ratio (data
not shown). Except for a negative correlation between the
phylum Tenericutes, class Mollicutes, and serum triglycer-
ides (r=-0.53, p¼ .02), no significant correlations between
altered microbial taxa in individuals with FH and serum lev-
els of lipids were identified (Supplementary Table 1). No

significant differences were observed in the inferred micro-
bial gene content after FDR correction (Supplementary
Table 2).

Subanalysis with matched controls

For validation of the main findings from the comparison
between FH-patients and healthy controls, we created a sub-
group of gender- and age-matched controls from the same
dataset, using a 1:3 matching. Using this subgroup of con-
trol, individuals with FH still had lower richness compared
to the matched controls (p¼ .01), lower relative abundance
of Actinobacteria (p¼ .01) as well as lower relative abun-
dance of the family Veillonellaceae (p¼ .002).

No change in microbial taxa after intervention with
omega-3 PUFA

As previously reported in the original study, we found a
significant decrease in LDL-c, total cholesterol and trigly-
cerides after intervention with omega-3 PUFAs, but no
changes in BMI (Table 2) [16]. When analyzing the treat-
ment effect of omega-3 PUFAs on the gut microbiota, no
effect was observed on alpha diversity (p¼ .26 for Shannon
index, p¼ .9 for observed OTUs/richness, Figure 4(A))
compared to placebo. Further, the intervention with
omega-3 PUFAs was not associated with significant
changes of any taxa at any taxonomic level from phylum
to genus level, when correcting for multiple testing within
each taxonomic level and using a significance level of

Figure 2. Baseline differences in microbial richness. (A) Individuals with familial hypercholesterolemia (FH) had lower microbial richness (observed OTUs) compared
to healthy controls and this effect was more prominent in individuals with FH taking ezetimibe in addition to statins. (B) Microbial richness in individuals with FH
was positively correlated to serum levels of HDL-cholesterol. OTUs: observed operational units; HC: healthy controls; FH: familial hypercholesterolemia; HDL: high-
density lipoprotein. Mann–Whitney non-parametric U-test and Spearman’s rank-order correlation.
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p< .05 and QFDR<0.20 (Supplementary Table 3). Watson
et al. reported increased butyrate-producing bacteria after
intervention with omega-3 PUFA in healthy individuals
[15]. When specifically investigating common butyrate-
producing families Lachnospiraceae and Ruminococcaceae,
we found no trend of a change of butyrate-producing bac-
teria (p¼ .85 and .45, respectively). Also, no change in the
Firmicutes: Bacteroidetes ratio was observed (Figure 4(B)).
Considering taxa being altered at baseline compared to
healthy controls, the low baseline relative abundances of
Eggerthellaceae and Coriobacteriia was increased after
treatment with omega-3 PUFAs (p¼ .01 and p¼ .04,
respectively, Figure 4(C–D)). No correlations were
observed between the treatment effect of taxa with p< .05
(N¼ 14, QFDR>0.20 of all) and the treatment effect on
blood lipids levels (Supplementary Table 4). No changes
were seen in the inferred microbial gene content after
intervention with omega-3 PUFAs (Supplementary
Table 5).

Discussion

The main findings of this study are (1) Individuals with FH
have an altered gut microbial composition compared to
healthy individuals, characterized by a lower alpha diversity,
different global microbial composition and shifts in individ-
ual taxa. These changes were apparent in all patients but
were more pronounced in individuals taking the cholesterol-
lowering drug ezetimibe in addition to statins. (2)
Intervention with daily marine omega-3 fatty acids for
3months did not cause major shifts in the gut microbiota
compared to treatment with placebo.

We observed an association between microbial diversity
and HDL-c, but not with LDL-c, which is the key factor in
FH. The literature on hypercholesterolemic patients per se
and gut microbiota is scarce, but our observations are con-
firmed in studies of lipids and microbiota in population-
cohorts [24]. Using 16S data from �900 individuals from
the Dutch population, excluding those using statins, Fu
et al. observed a positive association between microbial rich-
ness and HDL-c, a negative association with triglycerides
and no association with LDL or total cholesterol [6]. A
study on obese and nonobese individuals demonstrated dys-
lipidemia, as measured with low HDL-c and high triglycer-
ides, in individuals with low microbial richness [5]. Further,
a Korean study on �1100 healthy individuals demonstrated
that increased levels of triglycerides was associated with
lower microbial diversity, but no association with LDL- or
HDL-c [25]. Focusing on the association between serum lip-
ids and the fourteen taxa being altered in patients with FH,
only Tenericutes was negatively correlated with triglycerides
in our study. Tenericutes is a low-abundant phylum,

Figure 3. Differences in microbial taxa between patients with familial hypercholesterolemia (FH) and healthy controls (HC) at different taxonomic levels, illustrated
by the ratio of the mean relative abundance between FH and HC on a logarithmic scale. Mann–Whitney U-test with correction for multiple testing using
Benjamini–Hochberg false discovery rate (QFDR). �QFDR<0.20 ��QFDR<0.05 ���QFDR<0.01 ����QFDR<0.001.

Table 2. Effects of omega-3 fatty acids intervention on clinical parameters in
the sub-cohort included in the current study, data are previous published in
the larger cohort [16].

Baseline After omega-3 fatty acids p-Value

BMI (kg/m2) 27.6 ± 5.0 27.6 ± 5.2 .16
Total cholesterol, mmol/L 4.9 ± 0.8 4.6 ± 0.7 .03
LDL-C, mmol/L 3.1 ± 0.7 2.7 ± 0.7 .01
HDL-C, mmol/L 1.4 ± 0.5 1.4 ± 0.4 .72
Triglycerides, mmol/L 1.1 ± 0.7 0.8 ± 0.4 .003

BMI: body mass index; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-
density lipoprotein cholesterol; TG: triglycerides. Data are presented as mean
± standard deviation. The p value was calculated as the difference between
baseline values and after omega-3 fatty acids intervention period using
Wilcoxon Matched Pairs Signed Rank test.
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previously associated with metabolic health, including in the
study from Fu et al. where low abundance of Tenericutes
was associated with increased levels of triglycerides, lower
levels of HDL-c and higher BMI [26,6]. Taken together, this
suggest that alterations of the microbiome are related to
dyslipidemia of HDL-c and triglycerides, but variance in
LDL-c is more likely determined by genetic factors.

A study of treated patients with FH will inevitably be
affected by strong confounding factors influencing both lip-
ids and the microbiota. Both genetic and environmental fac-
tors are well-established contributors to plasma cholesterol
levels [27,28]. Diet has a strong impact on the gut micro-
biota, but is also a major risk factor for hyperlipidemia,
thereby increasing the challenge of demonstrating a direct
link between hyperlipidemia and the gut microbiota in
cross-sectional studies [29]. By focusing on generally healthy
individuals with genetically verified hyperlipidemia, we
exclude some of the confounder related to a sedentary life-
style. The included patients had the same BMI as the con-
trols, normal levels of triglycerides and no diabetes.

Although we possibly reduce some of the diet-induced
confounders by focusing on patients with FH, still, our
observations do not establish a causal link. All of the
patients with FH were using daily statins, in contrast to
none in the healthy control group. A growing number of
studies have demonstrated direct effects of statins on micro-
bial pathogens in infectious diseases, probably contributing
the observed gut microbiota alterations associated with sta-
tin use [30]. In obese individuals, treatment with statins was
associated with lower prevalence of the pro-inflammatory
gut microbial enterotype Bact2, but the mechanism and dir-
ection of this association remains unknown [31]. Jackson
et al. demonstrated reduced microbial diversity in individu-
als using statins, Zhernakova et al. reported an association
between statin-use and overall bacterial composition in a
large population-based cohort, but not with gene richness or

alpha diversity, while Vila et al. did not observed any associ-
ation between the use of statins and microbial diversity or
overall bacterial composition in a similar study [4,32,33].
Analyzing microbiota collected from participants in a recent
RCT, we found no major effect on the gut microbial com-
position after a 6-month intervention with rosuvastatin in
females undergoing coronary angiography, although altera-
tions in the inferred metagenome related to the TMAO-
pathway and a trend towards increasing diversity were
observed [10]. While we lack conclusive data to explain how
or to what degree statins modify the gut microbiota, for the
present study it is reasonable to conclude that we cannot
separate potential effects on the gut microbiota in FH from
the effects of statins [34].

Interestingly, when we did a separate analysis on the one
third of patients taking ezetimibe in addition to statins, we
found that this group had a more pronounced dysbiosis
than individuals with FH only taking statins. The numbers
are low (n¼ 7) and need to be interpreted cautiously but
based on these findings, one could hypothesize there is a
direct association between ezetimibe and the gut micro-
biome. Niemann-Pick C1-Like 1 (NPC1L1) protein is essen-
tial for intestinal cholesterol absorption in the small
intestine and is the molecular target of ezetimibe. Inhibiting
the intestinal uptake of cholesterol increases the luminal
cholesterol available for metabolization by colon bacteria,
which could be speculated to change the microbial compos-
ition [35]. Mice lacking NPC1L1 have been demonstrated to
have an altered gut microbial composition compared to
their wild-type littermates [36]. To our knowledge, only one
study has researched the effect of ezetimibe on the micro-
biome, showing increased levels of Lactobacillus spp. in
mice treated with ezetimibe [37]. Ezetimibe is recommended
as a second-line treatment for patients with FH or overt
atherosclerotic disease, who do not reach treatment goals on
treatment with statins alone [3]. In studies of the gut

Figure 4. Intervention with omega-3 PUFAs in patients with FH were not associated with changes in microbial richness (A) or the ratio of Firmicutes: Bacteroidetes
(B), but the lower baseline abundance of Coriobacteriia (C) and Eggerthellaceae (D) was significant increased after the intervention. The p-values are calculated
using Wilcoxon paired test on the treatment effect, i.e. the change from corresponding baseline to after intervention with placebo versus the change after treat-
ment with omega-3. Boxes in the boxplots represent 25–75% percentiles and whisker represent min to max.
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microbiome and the therapeutic effect of statins, a decreased
gut microbial diversity was associated with reduced choles-
terol-lowering effect of statin, consistent with murine studies
[11,12,38]. One could therefore hypothesize that the lower
microbial diversity observed in patients using ezetimibe is
not an effect of the drug, but a cause for the use of the drug
because the low microbial diversity leads to therapy failure
on statins alone. This finding provides a rationale for fur-
ther studies on how the gut microbiota influence the effect
of statins in individuals with FH, but possible direct effects
of ezetimibe on gut microbes should also be addressed in
future studies.

The literature on the effect of omega-3 PUFAs on the
microbiota in adults is sparse [39]. In the present study, we
were not able to detect any major effects on the gut micro-
biota after intervention with omega-3 PUFAs. This is in line
with the results of a crossover-study including 25 patients
with risk of metabolic syndrome, who were given a diet
enriched with omega-3 PUFAs for 30 days [40]. However, in
healthy individuals, Watson et al. administered supplemen-
tation of 2 g b.i.d. omega-3 PUFAs for 8weeks to 20 indi-
viduals, demonstrating small, reversible effects on the gut
microbiota, including a significant decrease in Coprococcus
[15]. While the duration and the statistical power of both
studies are comparable, the conflicting results could possibly
be explained by differences in the study populations, or the
possibility that observed effects occurred by chance.

The main limitation of the study is the small number of
individuals with FH both in the case-control study and in the
intervention trial, with subsequent low statistical power. The
cross-over design does however double the numbers in both
treatment arms, and sensitivity power analysis suggest we have
adequate power to detect major effects of the intervention. The
use of 16S rRNA sequencing does only permit detection of
larger microbial shifts down to the genus level, whereas the
use of inferred microbial gene content has its limitations in
evaluating the microbial functions. Also, fecal microbiota
mostly reflects luminal colonic species and neglects the poten-
tial role of mucosal bacteria or bacteria residing in the small
intestines, which could be relevant for lipid homeostasis.
Furthermore, a higher omega-3 dose, or longer duration of
treatment might be necessary to observe an effect.

In this study of the gut microbiota in patients with FH,
we found reduced microbial diversity and changes in the
abundance of multiple taxa in individuals with FH compared
to healthy controls, but it is not possible to delineate whether
these are secondary to FH or due to drug treatment in our
study. Furthermore, we detected no effect of supplementation
with omega-3 PUFAs for 12weeks. We speculate that the
observations in FH are caused by the complex interactions
between gut bacteria and cholesterol-lowering drugs, but due
to lack of power, further studies on the effect of cholesterol-
lowering drug on the microbiota, and vice versa, are needed.
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